Background. Microalbuminuria is an important cardiovascular risk factor, and appears to be a marker of early arterial disease in patients with and without diabetes and/or hypertension. The aim of this study was to investigate prevalence of albuminuria in hypertensive patients in clinical settings, as well as to assess the efficacy of the angiotensin receptor blocker irbesartan on the evolution of this risk marker in habitual clinical practice.
is a continuous and progressive marker of renal damage and cardiovascular events. This technique can be carried out cheaply and easily [1, 2] . Target organ damage is more frequent in patients with microalbuminuria [3] , and these patients have a higher rate of left ventricular mass (LVM). High albumin/creatinine ratios correlated with an increase of morbidity and mortality in hypertensive patients and in patients with left ventricular hypertrophy [4] , as well. The relationship between microalbuminuria and other risk factors has been widely demonstrated [5] . Microalbuminuria reflects vascular damage, and appears to be a marker of early arterial disease. For this reason, the assessment of urinary albumin excretion is an important aspect for risk factor stratification in hypertensive patients.
Blockade of the renin-angiotensin system (RAS) inhibits the vasoconstrictive effect of angiotensin II on the renal efferent glomerular arteriole. The mesangial cell proliferation induced by angiotensin II is also reduced. This type of action has a highly significant renoprotective effect, important in hypertensive patients, particularly in diabetics [6] [7] .
The European Society of Hypertension and Cardiology and the Seventh Report of the American Joint National Committee guidelines recommend the monitoring of urinary albumin excretion (UAE) and RAS intervention in hypertensive patients and, even more strongly, encourage such monitoring and intervention when there is evidence of renal damage, and in diabetic patients [8] [9] .
The PRIME study showed that irbesartan treatment significantly modified the progression of renal damage in hypertensive patients with type 2 diabetes mellitus with microalbuminuria or proteinuria [10] [11] . However, there are insufficient data available on the prevalence of albuminuria and the efficacy of RAS blockade in the reduction of urinary albumin excretion in hypertensive patients followed in clinical practice conditions. Therefore, the objective of this study was to estimate the prevalence of microalbuminuria/albuminuria in poorly controlled patients attending hypertensive units in Spain, and to evaluate the effect of 1 year's treatment with irbesartan on microalbuminuria/albuminuria in hypertensive patients in conditions of clinical practice. The secondary objectives were: (1) to evaluate the changes in systolic and diastolic blood pressure (SBP and DBP) caused by the irbesartan treatment; (2) to assess the percentage of patients who achieve target blood pressure (BP); and (3) to determine the effect of treatment with irbesartan on the evolution of renal function.
DESIGN
KORAL-HT is an observational, prospective, 1-year follow-up study in hypertensive, uncontrolled patients, to whom irbesartan was added to their antihypertensive treatment. Measurements were made at baseline and at 6-and 12-months' follow-up. The protocol was approved by the Clinical Research Ethics Committees.
METHODS
The study was carried out by 125 investigators from 105 hypertension units in Spain. A total of 1657 uncontrolled hypertensive patients (BP > 140/90 mm Hg in nondiabetics and BP >130/85 mm Hg in diabetic patients) were studied and followed for 12 months. The patients who had been treated with angiotensin-converting enzyme inhibitors or angiotensin II receptor antagonists (ARBs) during at least the 2 weeks prior to inclusion were excluded. Patients with secondary hypertension or BP ≥ 210/110 mm Hg, unstable hypertension, type 1 diabetes, hyperkalemia >5.5 mEq/L, contraindications for treatment with ARBs, or any serious concomitant disease which could affect follow-up were also excluded. BP determination was carried out according to the WHO guidelines [12] . Demographic data, major cardiovascular risk factors, associated cardiovascular disease, albuminuria, and clinical parameters were all recorded. Patients' visits were scheduled at the beginning, at 6 months, and at the end of the study (12 months).
Routine biochemical and microalbuminuria tests were performed by the laboratory of each center involved in the study, following the usual practice of the center. Based on the significance of the MICROHOPE study [2] , which established that any level of microalbuminuria (A/Cr > 0.2 mg/mmol) directly correlates with cardiovascular morbidity and mortality, the inclusion of patients with microalbuminuria below 30 mg/day was permitted. All patients determined to have microalbuminuria who matched the inclusion criteria were admitted for a 1-year follow-up treatment with irbesartan. Renal function was evaluated with the Cockroft-Gault formula.
The irbesartan regimen dose was titrated from 150 mg to 300 mg, and if target BP was not achieved, (BP < 140/90 mm Hg in nondiabetics, BP < 130/80 mm Hg in diabetics), the following scheme of treatment was followed according to the physician criteria: (1) irbesartan 300 mg + hydrochlorothiazide (HTZ) 12.5 mg; (2) irbesartan 300 mg + HTZ 12.5 mg + other antihypertensive drug other than ARBs or ACEIs, until the patients reach the BP targets.
Statistical analysis
Data are expressed as mean ± SD. Microalbuminuria levels are expressed as mean ± SE. Student t test was used for baseline group comparisons, and Student paired t test was used when comparing the variables before and after intervention. Analysis of variance (ANOVA) was used for comparisons for >2 groups. General linear model was used to correct for confounding factors. Differences were considered statistically significant at P < 0.05. All calculations were performed using the software SPSS 11.5 for Windows (Chicago, IL, USA).
RESULTS
A total of 1657 patients were included in the study; 802 were diabetics (48.4%) and 855 were nondiabetics (51.6%). Mean systolic and diastolic BP at the time of inclusion was 157.7 ± 14.2 mm Hg and 93.3 ± 9.6 mm Hg, respectively. Pulse pressure (PP) was 64.4 ± 13.9. Seventy-six percent of the patients were receiving previous pharmacologic antihypertensive treatment, while 23.65% were not. The previous antihypertensive treatment received was: calcium channel blockers (48%), diuretics (38.8%), beta-blockers (21.8%), alpha-blockers (13.6%), and other hypertensive drugs (3.8%). Among patients with previous hypertensive treatment, 79% were on monotherapy, 17% were receiving 2 antihypertensive drugs, 3.6% were receiving 3 drugs, and only 0.6% was receiving 4 or more antihypertensive drugs. Thirtyfive percent of the patients were receiving lipid-lowering agents, and 20.5% were on antiplatelet therapy. Among diabetic patients, 70.6% were receiving either oral antidiabetic agents or insulin (78.6% of them were receiving oral agents and 24.4% received insulin). Mean (±SD) hemoglobin A 1C of the diabetic patients was 6.9 (±1.4).
A percentage (17.1%) of the patients had an urinary albumin excretion in the range of normoalbuminuria, 62.5% microalbuminuria, and in 20.4% of the patients, the urinary albumin excretion was in the range of proteinuria. The mean 24-hour urinary albumin excretion rate was 317.8 mg/24 hours. Table 1 shows demographic and clinical characteristics of the diabetic and nondiabetic patients at the time of inclusion in the study. Diabetic patients were older and heavier. Mean diastolic BP was lower, and mean pulse pressure higher in the diabetic patients. Ischemic heart disease, cerebrovascular disease, and peripheral artery disease were all significantly more prevalent among Abbreviations are: Na, sodium; K, potassium; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 24-h exc rate, 24-hr excretion rate.
a P < 0.001. diabetic patients (P < 0.001). Table 2 shows comparison of biochemical data at baseline between diabetic and nondiabetic individuals. Fasting plasma glucose and triglyceride concentrations were significantly higher in the diabetic patients (P < 0.001). Additionally, urinary albumin excretion (UAE) rate was significantly higher in the diabetic group. Of the 1657 patients who started the study, 1151 completed the treatment follow-up according to the planned schedule. Given the conditions of normal clinical practice under which the study was performed, a dropout rate of about 30% was to be expected. The most common reasons for study withdrawal were: lost to follow-up for 392 patients; investigator's decision in 10 patients; lack of compliance with protocol treatment or visit schedule for 9 patients; consent withdrawal for 6 patients; adverse reactions in 2 patients; and other reasons for 12 patients. The reasons for withdrawal were unknown for 75 patients. No significant differences (P < 0.01) were observed between the population that was included and that which was followed through to the end of the study, except for glycemia. Based on these results, we assumed that the main characteristics of patients lost for the study followup would not modify the results. During the study, the patients were treated with a mean dose of 250.7 ± 60.3 mg irbesartan. In the final visit, 76.3% of the patients were receiving treatment with 2 antihypertensive drugs, 18.3% were receiving 3 drugs, and 4.6% were receiving 4 or more antihypertensive drugs. Of the patients who received more than 1 drug, 29.4% received diuretics, 20% beta-blockers, 51% CCB, 20% alpha-blockers, and 2.9% other classes of drugs. In the initial visit, 32.9% of the patients were receiving antidiabetic treatment compared to the 15.3% at the final visit. The percentage of patients treated with lipid-lowering agents also fell from 33.5% in the initial visit to 20.6% in the final visit. There were no significant changes in antiplatelet therapy.
The effect of treatment on urine albumin excretion in diabetic and nondiabetic groups during the study period is shown in Figure 1 . Mean 24-hour albumin excretion rate decreased significantly at the 6-month and 12-month follow-up measurements (P < 0.001). There was a significant and similar decrease in microalbuminuria in both groups.
The percentage of patients with normo-, micro-, and macroalbuminuria during the follow-up period is shown in Figure 2 . The proportion of patients with urine albumin excretion in the range of "normoalbuminuria" grew significantly throughout the study, from 17.1% at the time of inclusion to 40.9% after 1 year of treatment (Fig. 2) .
BP evolution during the study follow-up
Both systolic and diastolic BP, and also pulse pressure decreased significantly at the 6-month and 12-month visits. Blood pressure (BP) decreased from 157.3 ± 13.7/ 93.6 ± 9.2 mm Hg at baseline to 139.8 ± 13.1/82.6 ± 8.6 mm Hg and 136.1 ± 11.6/80.1 ± 8.1 mm Hg at 6-and 12-month visits, respectively. At the 6-month study visit, 56.9% of the patients had achieved BP targets. After the 1-year treatment with the study protocol, 70.1% of the patients had achieved the study objective of BP. A higher proportion of nondiabetic patients achieved the BP target compared with diabetics (22%), but a lower BP objective was established for the diabetic patients.
Evolution of renal function in patients treated with irbesartan, based on the estimation of GFR using the Cockcroft-Gault equation
The mean GFR decreased from 81.9 ± 34 mL/min at baseline to 80.1 ± 31 mL/min at the end of the study (P < 0.01). However, when grouping the patients in diabetics and nondiabetics, the reduction is still significant in nondiabetic patients (83.9 ± 32 vs. 81.4 ± 30, P < 0.01), but not in diabetic subjects (79.7 ± 37 vs. 79.8 ± 38).
There are other data worth mentioning, although not included in the study objectives. There was a significant reduction in fasting plasma glucose, which fell from a mean value of 124.8 ± 42.4 at baseline to 119.3 ± 35.4 after 1 year of treatment (P < 0.001). The reduction was more pronounced in the diabetic group. In addition, there was a reduction in total cholesterol (218.1 ± 71.3 vs. 203.3 ± 30.2, P < 0.001), LDL cholesterol (132.5 ± 36.9 vs. 122.0 ± 29.5, P < 0.001), and triglycerides (151.1 ± 81.8 vs. 143.4 ± 63.8, P < 0.001). The reduction was more pronounced in the group of diabetic patients.
DISCUSSION
This study shows high urinary albumin excretion that was reduced by reaching BP targets with the addition of the ARB irbesartan in uncontrolled hypertensive patients attending hypertension units in Spain.
The objective of hypertension treatment includes the reduction of cardiovascular and cerebrovascular morbidity and mortality, and also, the reduction of the progression of renal insufficiency. Many studies in different populations have shown microalbuminuria to be an important risk factor of cardiovascular morbidity and mortality, both in diabetic and nondiabetic patients. Determination of microalbuminuria should be a routine practice because its appearance, progression to proteinuria, or regression to normoalbuminuria are correlated with a higher or lower risk of coronary heart disease, stroke, or peripheral vascular disease. In other words, urinary albumin excretion is a marker of cardiovascular risk, and also a marker of treatment efficacy.
In the present study, we examined the prevalence of microalbuminuria in a sample of consecutive patients attending to the hypertension units of 15 hospitals included in the KORAL-HT study group, distributed throughout the country. In this nonselected sample of hypertensive patients, the prevalence of microalbuminuria was over 60%, much higher than the prevalence of 43% described in Spanish diabetics participating in the DEMAND study, and also higher than the 18% described in hypertensive patients attending primary care clinics in our country [13] and than the 11% for patients in the EPIC-Norfolk study [14] . This prevalence shows that patients seen in the hypertension units of the KORAL-HT study have a considerably higher cardiovascular risk. The higher prevalence of patients with microalbuminuria in our study can be accounted for by the higher presence of cardiovascular risk factors and target organ damage of our patient population, attended at specialized hospital-based hypertension units.
The patients included in the 1-year follow-up study (KORAL-HT) consisted mainly of an urban population, mean age 60.3 years, of which 48.4% were diabetics. The patients' age and risk factors imply a very high risk. Only 23.6% of the patients were not receiving antihypertensive treatment before their inclusion in the study. In general, diabetic patients were older, with a higher BMI and a higher prevalence of associated CV disease. The introduction and titration of irbesartan (150 mg to 300 to 300 + HCTZ) achieved a significant reduction in blood pressure throughout the follow-up period. A reduction of 22 mm Hg in SBP and 13.2 mm Hg in DBP was achieved compared to the baseline. The drop in blood pressure was maintained over the follow-up. The percentage of controlled patients was 56% at 6 months and 70% at the end of the study. The reduction in BP was remarkable, taking into account that most patients were already receiving other antihypertensive drugs. Mean blood pressure at the end of the study suggests that blood pressure control in clinical practice of patients with a high CV risk and/or diabetes can be similar to that obtained in controlled clinical trials [7, [10] [11] 15] . The percentage of diabetic patients that achieved the blood pressure objective was less than in nondiabetics, reflecting a lower response to antihypertensive treatment in diabetics, which has also been seen in other studies.
Systemic BP reduction, and even more strongly, intraglomerular pressure drop, has been shown to effectively decrease the urinary albumin excretion rate. The present study was aimed at demonstrating the efficacy of irbesartan treatment to reduce microalbuminuria in uncontrolled hypertensive diabetics and nondiabetics in routine clinical practice.
Parallel to the significant blood pressure decrease, a remarkable reduction in the urinary albumin excretion rate was also observed. The proportion of patients with normoalbuminuria increased from 17.1% at baseline to 40.9% at the end of the study, while the percentage of patients with microalbuminuria dropped from 62.5% at baseline to 48.3% at the study end, and that of clinical proteinuria dropped from 20.4% at baseline to 10.7% at the end. Microalbuminuria decreased during the 12-month follow-up in spite of the absence of significant blood pressure changes in the last semester. There was a progressive reduction in microalbuminuria. At the end of the study, a global reduction in urinary albumin excretion rate greater than 60% was achieved compared to baseline, mimicking IRMA 2 study results.
Renal function was maintained rather stable over the study period (81.9 ± 34.1 baseline vs. 80.2 ± 31.6 P < 0.01 at study end). The reduction of GFR, minimal, was only significant in nondiabetic patients, and probably secondary to functional factors (reduction of BP and intraglomerular pressure induced by irbesartan treatment).
During the study there was an improvement in lipid parameters: reduction in total cholesterol and triglycerides with a significant rise in HDL cholesterol. Although our objectives did not encompass treatment and control of hyperlipidemia, investigators' intervention to correct lipid abnormalities was likely, albeit no changes in cholesterol lowering drug therapy were recorded. Besides, a possible beneficial effect of the renin-angiotensin system blockade on carbohydrate metabolism cannot be ruled out [17, 18] .
CONCLUSION
High doses of irbesartan can reduce and even normalize microalbuminuria both in diabetic and nondiabetic patients.
The benefits achieved in BP control and microalbuminuria reproduce in the clinical practice the results obtained in controlled trials. The positive evolution of lipid and metabolic parameters support the benefits of observational studies, beyond the study primary end point.
